Mitochondria of the amoeba Acanthamoeba castellanii possess a free fatty acid-activated uncoupling protein (AcUCP) that mediates proton re-uptake driven by the mitochondrial proton electrochemical gradient. We show that AcUCP activity diverts energy from ATP synthesis during state 3 mitochondrial respiration in a fatty acid-dependent way. The efficiency of AcUCP in mitochondrial uncoupling increases when the state 3 respiratory rate decreases as the AcUCP contribution is constant at a given linoleic acid concentration while the ATP synthase contribution decreases with respiratory rate. Respiration sustained by this energy-dissipating process re- 
mains constant at a given linoleic acid concentration until more than 60% inhibition of state 3 respiration by n-butyl malonate is achieved. The present study supports the validity of the ADP/O method to determine the actual contributions of AcUCP (activated with various linoleic acid concentrations) and ATP synthase in state 3 respiration of A. castellanii mitochondria fully depleted of free fatty acid-activated and describes how the two contributions vary when the rate of succinate dehydrogenase is decreased by succinate uptake limitation.
Most mitochondria possess free energy-dissipating systems that decrease the yield of oxidative phosphorylation. Ubiquinol alternative oxidase dissipates redox energy in mitochondria of plants and some unicellulars (Siedow & Umbach, 2000) . Uncoupling protein (UCP) dissipates proton electrochemical gradient energy (DmH + ) in animal, plant and some fungal and protist mitochondria (Sluse & Jarmuszkiewicz, 2002 Sluse et al., 2000) . In the present study, measurements in the presence of benzohydroxamate (BHAM) to exclude oxygen consumption by alternative oxidase and with an increasing concentration of n-butyl malonate (an inhibitor of succinate uptake) in order to decrease the rate of the quinone-reducing pathway (succinate oxidation) have been performed. They have allowed us to describe evolution of the UCP and ATP synthase contributions when state 3 respiration is decreased in A. castellanii mitochondria.
MATERIAL AND METHODS
Cell culture and mitochondrial isolation. The soil amoeba Acanthamoeba castellanii, strain Neff, was cultured as described by Jarmuszkiewicz et al. (1997) . Trophozoites of the amoeba were collected between 44-48 h following inoculation at the middle exponential phase (at a density of about 5-6 x 10 6 cells/ml). Mitochondria were isolated and purified on a self-generating Percoll gradient (31%) as described earlier (Jarmuszkiewicz et al., 1997) . The presence of 0.4% bovine serum albumin (BSA) in isolation media allowed FFA to be chelated from the mitochondrial suspension and mitochondria fully depleted of FFA to be obtained. For each mitochondrial preparation, full depletion of FFA was tested by measuring the effect of BSA on the LA-induced respiration as described by Jarmuszkiewicz et al. (1998) . Mitochondrial protein concentration was determined by the biuret method.
Oxygen uptake and membrane potential. Oxygen uptake was measured polarographically using a Rank Bros. (Cambridge, U.K.) oxygen electrode or a Hansatech oxygen electrode in 1.4 ml or 2.7 ml (respectively) of standard incubation medium (25°C) containing: 120 mM KCl, 20 mM Tris/HCl pH 7.4, 3 mM KH 2 PO 4 , and 0.5 mM MgCl 2 , with 1-1.7 mg of mitochondrial protein. Membrane potential of mitochondria was measured simultaneously with oxygen uptake using a tetraphenylphosphonium-specific electrode according to Kamo et al. (1979) . For calculation of the DY value the matrix volume of amoeba mitochondria was assumed as 2.0 ml/mg protein.
All measurements were made in the presence of 7 mM succinate, 1.5 mM benzohydroxamate (BHAM), 170 mM ATP, 4 mM rotenone, 0-12.6 mM LA, and 0-30 mM n-butyl malonate. The ADP/O ratio was determined by the ADP pulse method with 250-500 nmoles of ADP. The total amount of oxygen consumed during state 3 respiration was used for calculation of the ratio. A prepulse of ADP (80 mM) was always applied before the main pulse to ensure that a true state 4 had been achieved and to activate succinate dehydrogenase by the produced ATP. Increasing concentrations of n-butyl malonate were used to decrease steady-state 3 respiration. Measurements of DY allowed fine control of the duration of state 3 respiration.
RESULTS AND DISCUSSION
State 3 respiratory rates and ADP/O ratios were measured during ADP pulses in the absence or presence of different concentrations of LA. Figure 1 shows an example of the effect of 9.1 mM LA on the coupling parameters in isolated A. castellanii mitochondria. In resting state (state 4), LA increased the respiratory rate and decreased DY. On the other hand, LA scarcely modified phosphorylating Mitochondria (mito) were incubated in the presence of 7 mM succinate, 170 mM ATP, 4 mM rotenone, 1.5 mM BHAM, in the absence (soild line) or presence of 9.1 mM LA (dashed line). After the ADP pulse, respiration was uncoupled and membrane potential was collapsed by 1 mM carbonylcyanide p-trifluoromethoxyphenylhydrazone (FCCP). RCR, respiratory control ratio. Numbers on the traces refer to O 2 consumption rates in nmol O 2 x min -1 per mg protein.
state 3 respiration (V3) and membrane potential (DY3). As a consequence, the ADP/O ratio and respiratory control ratio (RCR) were clearly lowered in the presence of LA suggesting activation of AcUCP (i.e. an increased LA-induced AcUCP-mediated H + re-uptake sustaining part of state 3 respiration). In order to describe how the contributions of AcUCP and ATP synthase change with variations in state 3 respiration, the rate of the ubiquinone-reducing pathway (succinate dehydrogenase) was decreased by n-butyl malonate, an inhibitor of succinate uptake. Pair measurements of ADP/O ratios and respiratory rates in the absence or presence of a given LA concentration were performed with increasing concentrations of n-butyl malonate (up to 30 mM). V3 decreased with increasing concentrations of the inhibitor both when AcUCP was activated (plus LA) and not (no LA) (Fig. 2) . DY3 was almost unchanged by LA addition. However, like in tomato mitochondria , a slight increase was systematically observed in the presence of LA. The mean value of DY3 (± 9.1 mM LA) obtained with different mitochondrial preparations and n-butyl malonate concentrations was 163.8 ± 2.7 (S.D., n = 31). Figure 3 shows the effect of three concentrations of LA on the ADP/O ratio plotted against the reciprocal of state 3 respiration which was varied with n-butyl malonate. In the absence of LA, the ADP/O ratio remained constant when V3 was decreased (up to about 65%) and the mean value was 1.403 ± 0.021 (S.D., n = 31) (Fig. 3) . This constancy is one of the requirements for 
Assay conditions as described in Material and
Methods. Oxidation rate of succinate in the presence or absence of 9.1 mM LA was gradually decreased by increasing concentrations of n-butyl malonate (2-30 mM). Data from 3 experiments are shown. The mean value of DY3 in the absence of LA is 163.2 ± 2.8 (S.D., n = 20), in the presence of 9.1 mM LA is 164.8 ± 2.2 (S.D., n = 11). The mean value of DY3 (± LA) is 163.8 ± 2.7 (S.D., n = 31). the validity of the ADP/O method and has been already verified with tomato mitochondria . In the presence of LA, the ADP/O ratio was lowered and decreased with decreasing V3 (increasing n-butyl malonate concentration). Thus, the lowering of the electron supply to the cytochrome pathway amplified the decrease in ADP/O induced by LA, suggesting an increasing relative contribution of the AcUCP-sustained respiration to the overall state 3 respiration. At a given V3, the higher the LA concentration was the lower ADP/O ratio was observed, thereby indicating a higher AcUCP contribution (Fig. 3) . A linear relationship was obtained between ADP/O and the reciprocal of V3, with identical ordinates at origin (independently of the LA concentration) and slopes which increased negatively when LA concentration was increased. In the presence of LA, the ordinates at the origin (obtained using linear regression, see legend of Fig. 3) were not significantly different for the mean ADP/O value in the absence of LA. Such behaviour, observed also for tomato mitochondria Sluse et al., 2000) , indicates that (i) at a fixed LA concentration, V UCP remains constant during titration by n-butyl malonate, and (ii) LA does not affect the intrinsic stoichiometry of oxidative phosphorylation (ratio of H + /O and H + / ADP).
The contributions of ATP synthesis and AcUCP activity to state 3 respiration were calculated from the pair measurements of ADP/O and V3 in the absence or presence of LA (as described by Jarmuszkiewicz et al., 2000 , see also legend of Fig. 4 ) and plotted against V3 in order to emphasize their behaviour during titration of respiration by n-butyl malonate. As a result, at a fixed LA concentration, the AcUCP activity remained constant and ATP synthesis decreased linearly with decreasing state 3 respiration (Fig. 4) . Using higher concentrations of LA, UCP activity increased at the expense of ADP phosphorylation without an increase in respiration. Namely, at a given V3, increasing LA decreased the ATP synthase contribution and increased the AcUCP activity contribution. These results show how efficiently the UCP activity can divert energy from oxidative phosphorylation, especially when state 3 respiration is progressively inhibited. The protonophoric action of FFA can be mediated not only by UCP but also, at least in part, by several members of the mitochondrial carrier family such as the ADP/ATP, dicarboxylate, aspartate/glutamate, and phosphate carriers (Andreyev et al., 1989; Wieckowski & Wojtczak, 1997; Samartsev et al., 1997; ðaková et al., 2000) . However, this FFA-dependent mitochondrial uncoupling, being a side function of these carriers, is ex- Vol. 51 AcUCP contribution to phosphorylating respiration 537 
